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SOS: Seeking outcome success in vascular surgery
David Pilcher, MD, Burlington, VtThe Morse code letters SOS do not stand for “save our
ship,” but were chosen by the International Radio Tele-
graph Convention of July 1908 because this combination
of . . .—. . . was easy to send and recognize. When the ship
Titanic was sinking on April 15, 1912, the new signal SOS
was sent for the first time from a sinking ship. The Califor-
nian was nearby, but as no one was manning the radio
room, no one heard the Morse code distress signals. The
Carpathia steamed from 58 miles away to rescue 711
survivors.1 After this disaster, ships were required to mon-
itor their radios 24 hours a day.
Technology has changed, and now distress signals from
ships at sea are sent from emergency locators that pinpoint
their location with signals bounced off satellites. In 1995,
the United States Coast Guard ended the use of Morse
code transmissions in its maritime communications service.
But if a ship were to send a Morse code SOS signal, rescue
efforts would likely be initiated. . . if anyone were listening.
Surgeons, perhaps uniquely in the practice of medicine,
are rewarded by outcome success in their endeavors but are
also burdened by their failures. If a patient exsanguinates
while you attempt operative control of arterial injury or
suffers a stroke during carotid endarterectomy, it is hard to
say the blame does not weigh on your conscience. If we, as
surgeons, listen to our conscience in future endeavors, we
may be able to decrease our mistakes.
An objective assessment of complications on our own
vascular service judged 68% to 79% of “avoidable compli-
cations” to be technical errors such as early graft failure.2
The focus of such monitoring now is on attempting to
identify opportunities for improvement.
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doi:10.1016/j.jvs.2004.10.028Vascular surgery requires highly developed technical
skills. We attempt to achieve technical perfection by repet-
itive dexterity practice and study, and rehearse in our minds
the possible courses of action open to us. We thus try to
bring perfection to those aspects of surgery over which we
have control. Then, in the postoperative period, we often
are required to exercise continued surveillance and take
corrective actions. A misstep at any point may not be
correctible, and the patient may suffer.
Just as the Coast Guard has developed new distress-
signal technology, so have we, as vascular surgeons, found
new ways to evaluate our effectiveness. As we look into the
past, we can see how vascular surgeons’ tools have changed.
In 1946, Dr Robert Linton, the first president of the
New England Society for Vascular Surgery (NESVS), en-
gaged Dr F. A. Simeone (past president of the NESVS) to
develop the first “clinical vascular laboratory” at Massachu-
setts General Hospital (MGH). This was paid for by Lin-
ton’s own clinical earnings.3 Dr John Cranley followed and
the MGH laboratory used strain-gauge plethysmography,
digital pulses, blood flow by the venous occlusion tech-
nique, and also introduced a pressure transducer.
In 1962, Dr Eugene Strandness used a prototype
Doppler ultrasound detector to study patients with arterial
and venous disorders.3 During the 1960s, the “Collens
Oscillometer” saw limited clinical use. This instrument
quantitates the volume changes in a segment of the extrem-
ity and could therefore lend objectivity to improved or
worsened extremity blood flow.
The ankle systolic pressure measurement by Doppler
technique was not widely used until the 1970s, although
Winsor4 had published information about it 1950. The
widespread application of segmental pressure measurement
to vascular surgery followed the development of the “pulse
volume recorder” by another past president of this society,
Clement Darling, working with Jeff Raines at MGH.5
Angiography was accepted as the diagnostic modality
that was required to plan reconstructive surgery without
any level I evidence to prove its value. At the same time, Dr
Strandness and others were expanding the utility of duplex
ultrasound scanning in vascular diagnosis and follow-up.
With this explosion in vascular noninvasive technology,
as well as the advances in invasive studies, we would hope
that there would be an improvement in outcomes for our
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of studying and documenting results. While this seems to
be an intuitive conclusion, it is hard to find convincing
scientific evidence that improved technology has led to
improved results. Completion studies are one area where
we would expect improved outcomes.
Leather and colleagues,6 using completion angiogra-
phy, achieved 95% perioperative patency of distal in situ
bypasses in 1988. In 2000, Johnson and colleagues7 used
duplex ultrasound scanning for preoperative and comple-
tion studies in a series of 626 infrainguinal bypasses. They
reported a primary graft patency of 96% at 30 days and a
secondary graft patency of 98.8% at 90 days. Johnson and
colleagues found that completion studies using duplex
ultrasound scanning prompted revision in 15% of their
bypass grafts.
Surgeons have used completion continuous wave (CW)
Doppler survey, electromagnetic flow meter studies, an-
gioscopy, angiography, and completion duplex studies to
evaluate the results of distal bypasses. There are still no
randomized prospective studies showing the superiority of
any one of these modalities over another. If initial proce-
dure revision rates of 15% are detected with completion
duplex, one would think that those not using completion
duplex would encounter up to 15% early failure rates; or that
other completion techniques are comparable in detecting
Fig 1. a, Angiogram at first glance showing no defect;technical problems. However, this has not yet been the case.The Vascular Study Group of Northern New England
(VSGNNE), gathering data prospectively within our re-
gion, reported a 94% primary patency at hospital discharge
in 484 infrainguinal bypasses. In this group, an intraoper-
ative completion angiogram was done in 69% and a duplex
ultrasound scan in only 10%. It would seem that surgeons
use different approaches to seek successful outcomes. Rec-
ognizing that we are being held to standards of perfor-
mance—not just overall, but by ourselves and by our indi-
vidual patients in each case as well—we should seek to
optimize our outcomes.
It is necessary to objectively compare our work with
that of other surgeons, studying their mistakes and our
own. Clinical judgment and avoidance of technical error
improve with peer review conferences and careful assess-
ment of results. I also think we need to study success as well
as mistakes to benefit from both.
An overweight elderly diabetic patient did not heal after
amputations of her second and third toes and had a bounding
popliteal pulse and target vessels of dorsalis pedis and peroneal
arteries. I thought the dorsalis pedis was an easier target than
the equal-sized peroneal and performed a vein bypass to the
dorsalis pedis, which was diseased but patent, with a small
lumen. While in the operating room, there was an excellent
palpable pulse at the distal anastomosis. CW Doppler sounded
like a high-resistance outflow. Papaverine (25 mg) was in-
giogram with subtraction showing residual valve cusp.stilled slowly into the vein graft with brief inflow occlusion. A
ter ca
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would clearly not be satisfactory. An angiogram was done to
see if there was any correctible anastomotic error.
The vein was removed from the dorsalis pedis, leaving a
small vein patch for arterial closure. The peroneal artery was
isolated after distal fibula resection and an anastomosis was
constructed to the peroneal artery. This bypass showed
satisfactory duplex flow and angiographic appearance. The
bypass has stayed primarily patent, with limb salvage, for
over 4 years.
Technical graft success with infrainguinal bypass grafts
has been a challenging part of the search for perfection. A
residual graft problem at surgical completion frequently
leads to early graft occlusion. Recognition of a problem and
resolution at the time of the initial procedure not only
avoids a later operation but also prevents increased throm-
bogenicity of graft and runoff by such maneuvers as Fogarty
catheter thrombectomy, with its inevitable damage to the
intima of vein grafts and the runoff arteries.
Using completion duplex after in situ distal bypass, I
detected a totally unexpected stenosis in mid graft. An
angiogram performed to delineate the specific problem and
to confirm the duplex finding appeared normal at first
glance. Knowing the duplex finding, we carefully repeated
the angiogram and detected a residual valve cusp causing
the abnormality (Fig 1). Lysis of the valve cusp via a side
branch eliminated the duplex abnormality and made my
future reliance on duplex completion more routine.
A completion study after carotid endarterectomy may
be even more controversial than one after infrainguinal
Fig 2. Small mobile flap (arrow) afbypass, with an even greater variability in practice patterns.Many surgeons believe that a carefully performed carotid
endarterectomy, which appears to be satisfactory at com-
pletion by direct visual and palpation assessment, does not
require further assessment. Others bring a CW Doppler
onto the operative field and audibly confirm absence of
stenosis and good flow.
Completion angiography after carotid endarterectomy
has gained widespread acceptance. Duplex ultrasound is
also often used as a completion study after carotid endar-
terectomy, as it gives different information than angiogra-
phy (Fig 2). There are clear instances when a duplex scan
predicts that a repair will not have a satisfactory outcome.
The Bandyk group8 found 68 (27%) of 250 carotid endar-
terectomies with flow disturbances led to a 21% restenosis/
occlusion rate at 2 years. Those with no flow disturbances
were found to have a 9% rate of restenosis/occlusion. Baker
and colleagues,9 studying 316 carotid endarterectomies,
re-explored and repaired 9 defects (15%) and found a 4% vs
17% rate of late stenosis. There was no difference in periop-
erative results in those re-explored and not re-explored
(1.3% vs 1.9% early stroke rate).
The February 2004 issue of the Journal of Vascular
Surgery contains two articles that I think highlight the
current state of carotid endarterectomy. Ascher and col-
leagues10 present a series of 650 carotid endarterectomies
with an 0.8% combined stroke and mortality rate.
Kresowick and colleagues11 present a series of 9745 carotid
endarterectomies with a 5% combined stroke mortality rate.
This cannot be compared to the single-institution study of
Ascher and colleagues because it has region-wide results of
rotid endarterectomy not repaired.small and large hospitals. This is summarized in the Table.
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used, if any. The VSGNNE, looking at current practice in
our region, shows that only 45% of carotid endarterecto-
mies are done with completion duplex scanning or angio-
gram (see the Table). A review of older studies shows an
improvement in results in not operating on so many pa-
tients with acute stroke and resultant high mortality due to
perioperative stroke in those patients. Is the study of As-
cher’s group, with a combined rate of 0.8% stroke and
death rate, better than the results of the Hafner research-
ers12 in the 1970s (1.4%), or Callow and Mackey13 (2.2%)
in the 1980s? (see the Table).
The argument may be given that performing multiple
adjunctive tests to prove technically optimum results may
take additional operating room time, with the risks of
increased infection, cross clamp time and cost. It may also
be argued that if one is careful and accurate in performing
the surgery, then technically optimum results are present
and further testing for documentation is not necessary.
The opposite argument is that if you routinely perform
a completion study, it will become so much a part of the
ordinary procedure that it will take little additional time. If
you routinely do completion angiograms, the x-ray tech-
nologists and necessary equipment are usually in the room
ready to be used in an expeditious fashion. For years I have
followed this hypothesis: detection of technical imperfec-
tion in carotid endarterectomy intraoperatively allows im-
provement in endarterectomy, which prevents periopera-
tive neurologic deficit. Such detection can best be achieved
with duplex ultrasound or angiography.
To think that all surgeons will seek such outcome
success, all using the same techniques, suggests an unreal-
istic regimentation and conformity of systems and sur-
geons. Different approaches may reach the same goal. The
person who gambles by taking a wild flyer may occasionally
win but will not consistently come out on top.
I was very distressed at one point in my career when 2
patients within a 3-month period suffered perioperative
neurologic deficits. I was stimulated to review carefully my
Selected representative studies of carotid endarterectomy r
Author years of study
No. of carotid
arteries
Completion
study D
Thompson 1957-1970 748
Hafner 1971-1983 570
Callow 1989
Blackshear 1985 218 CW Doppler 4.6
Baker 1986-1992 316 Duplex
Kinney 1993 410 Duplex
Kinney 1993 51 (subgroup) No study
Hertzer 1989-95 1924 CW Doppler 
Kresowick 1998-1999 9745 ?
Ascher 2000-2003 650 Duplex
ACAS/NASCET
CW, Continuous wave; ACAS, Asymptomatic Internal Carotid Atheroscler
normal; ABN, abnormal.own past 15-year carotid endarterectomy experience, aswell as that of my peers. I was able to document that my
past experience was for a stroke rate of less than 2% in the
previous 100 cases as well as long-term, but I still watched
several other surgeons’ techniques to see if I was missing
any tricks, and I was even more compulsive and demanding
after this. I believed that my improvement would result
from more meticulous dissection at the distal endpoint in
the internal carotid artery and careful patching beyond the
endpoint.
The Cardiac Study Group of Northern New England
showed that wide disparity of results among surgeons is reme-
diable by feedback of outcome data, improvements in tech-
niques, and site visits to other centers. They improved mor-
tality after coronary artery bypass grafting by 24%, with results
as good as they are anywhere else in the United States.17 The
model of the Vascular Study Group of Northern New En-
gland, spearheaded by Jack Cronenwett, is one such model for
vascular surgery, with prospectively defined parameters and
data points and carefully, concurrently entered data.
Each surgeon should seek optimum outcome success.
Criteria to measure such success must first be defined and
then the results carefully assessed. If a surgeon’s work
exceeds standards, this should be shared with other sur-
geons. If a surgeon does not meet expectations, that sur-
geon should attempt to remedy the shortcoming.
Once we find that our results meet accepted excellence
criteria, many of us will still do unproven procedures, such
as completion duplex scans or angiography, hoping to
detect the unapparent correctible error that may improve
the individual patient’s outcome, even though it will be lost
in statistics for our overall results. For some of us, our
conscience says to do this routinely; for others, it is to have
a high index of suspicion if things are not totally acceptable.
Some of the search for outcome success will not be defined
by randomized prospective studies or statistically significant
scientific study.
Perfection is an elusive goal, which does not mean we
s and use of completion studies
found Corrected Perioperative stroke rate
Combined stroke/
mortality
3.2% 6.4%
1% 1.8%
1.6% 2.2%
/218) 3.2%
% 14.5% 1.6% 2.2%
6.3% 1.3%
(NL  2%, ABN  4%)
2.6%
0 0
0.5% 1.8%
3.7% 5%
% 2.3% 0.3% 0.8%
1.5%/5.8%
tudy; NASCET, North American Symptomatic Endarterectomy Trial; NL,esult
efects
% (10
19.6
18%
0
2.3should stop searching for it. Although we may take differ-
JOURNAL OF VASCULAR SURGERY
Volume 41, Number 1 Pilcher 173ent routes, we must all listen: SOS. . . Seek Outcome
Success.
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